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The present invention relates to a system for 
the control of a continuous flow of fluidized solid 
to and from a vessel. 
If is well known that various non-sticky solid 
materiais when in a flnely divided state, i. e., 
particles of 1 mm. diameter or less, may be 
brought to a fluidized or pseudo liquid state by 
proper aeration by air or any other gas or vapor. 
The solid in this fluidized state behaves in many 
respects like a true liquid; it seeks its own level, 
exers a "hydrostatic" pressure, and may be 
pumped. In many processes it is desired to flow 
a continuous stream of a fluidized solid into and 
out of a tank or other vessel and the flow is con- 
trolled in the manner to be expected, namely, 
through the use of one or more valves placed in 
the flow lines. Vhen the fluidized solid is with- 
drawn from such a vessel into an open vessel 
such a railway car, a barrel, or the like, this 
method is perfectly satisfactory. In many cases 
it is necessary t withdraw the solid into a line 
or vessel against a small but deflnite pressure. 
For example, it is often desired to transport 
the withdrawn solid for an appreciable distance 
by the most convenient or practical method 
which is through the medium of a carrier gas or 
vapor.' In such cases dflïiculties arise due to the 
fact that even a momentary reversal of the sign 
of the pressure differential across the flow con- 
trolling valve may cause the direction of flow 
to reverse. In many cases this possibility pre- 
sents a serious danger which must be carefully 
guarded against. In the past this danger has 
been minimized by providing standpipes between 
the vessel and the valve. The "hydrostatic" 
head created by such a standpipe provides a 
back pressure sucient to prevent momentary 
reversal of the sign of the pressure differential 
across the valve which controls the flow. Since 
the density of the fluidized solid is low compared 
to a true liquid it will be appreciated that airly 
long standpipes are required to obtain even a 
very nominal "hydrostatic" head. 
An object of the invention is to provide a 
method of control which is self-compensating 
and automatic. Another object of the invention 
is to provide a method of control which can be 
advantageously combined with or coupled with 
other automatic controls to insure more steady, 
safe and accurate control of the flow. An ob- 
ject of the invention is to provide a method of 
control which allows standpipes to be greatly 
shortened or completely eliminated without 
danger. 
The control system of the invention is best 
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illustrated and described in connection with a 
particular flow system in which it is exceptionally 
advantageous. This flow system which is de- 
signed for use in the catalytic conversion of 
. hydrocarbons is illustrated diagramlnatically in 
the attached drawing. If is fo be understood, 
however, that the control system of the inven« 
tion is aiso applicable to other flow systems 
where a solid is continuously introduced into a 
 vessel, and the fluidized solid is continuously 
withdrawn from the vessel through a control 
valve into a space wherein fluctuations in the 
pressure are possible. 
The system illustrated will flrst be described. 
1. Referring to the drawing, the system comprises 
a fluidized catalyst reactor , above which is a 
hopper vessel 2 connected by line $. A fluidized 
regenerator reactor 4 is positioned at the proper 
intermediate level and is connected with the 
20 hopper and reactor by lines 5 and 6, respectively. 
Connected to the fluidized catalyst systmn by line 
7 is a conventional fractionator 8 provided with 
the usual cooler-condenser 9 and separator 0 
for the separation and recovery o liquid products. 
25 The operation of the system is as follows: 
The off to be treated is introduced into the bot- 
tom of the fluidized catalyst reactor by a dis- 
tributing line . This off contacts the bed of 
fluidized catalyst in the reactor under suitable 
3 conditions of temperature and contact rime. The 
vaporous products then pass by line  to the 
fractionator 6. The overhead product rom the 
fractionator is cooled and separated in the con- 
ventional manner into a liquid product which 
35 is withdrawn via line 2 and a gaseous product 
which is withdrawn via line 8. The gaseous 
product is compressed by compressor 4 and 
passed to a suitable absorption system (hot 
shown) in the conventional manner. 
40 The flnely divided catalyst in reactor  is con- 
tinuously recycled ,through the regenerator to 
burn off carbonaceous deposits. Thus, the finely 
divided catalyst is continuously withdrawn from 
the reactor through a control valve 5 into line 
45 $ wherein it is picked up and carried in sus- 
pension to the hopper vessel 2 by steam or any 
other carrier gas introduced via line 6. 
The carrier gas is disengaged from the catalyst 
in the hopper vessel 2. The carrier gas con- 
50 taining considerable amounts of products stripped 
rom the catalyst is withdrawn from the top 
of the hopper. After suitable cooling nd sep- 
aration of condensed liquid the remaining gas 
is also passed via line 7 to the compressor 4 
5 and. then to the absorption system fo recover 
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OEurther product values. The catalyst in hopper 
2 collects in the bottom thereof as a fluidized 
bed. This catalyst is continuously fed to the 
regenerator 4 via line 5, the flow being controlled 
by a valve 
In the regenerator 4 carbonaceous deposite are 
burned from the catalyst in the fluid!zed bed by 
means of air or any other combustion-supporting 
gas introduced via line |{}. Hot regenerated 
catalyst is continuously recycled fo the reactor 
via line 6 which contains the control valve 2{}. 
Control valves |5, |8 and 2{} in plants of this 
general type are siide valves actuaed by hy - 
draulic means which in turn are controlled hy a 
conventional valve positioning mechanism; :these 
valves are therefore shown diagrammatically as 
such. if will be understood, however, that anY 
other type of valve anenable to automatic control 
may be employed if desired. 
The autonatic control of the valve positioning 
nechanisn by meal]S of a differential pressure- 
recorder-controller instrument is well .know. 
The pressures from two points are led fo a bal- 
ancing arrangement in the instrument. This-bal- 
ancing arrangement then regulates the pressure 
(from an outside source) upon the valve posi- 
tioning mechanism. 
The fiow of catalyst in the system is controlled 
as follows: The temperature Of the bed of cat- 
alyst in the reactor  is taken ai any point 2 in 
the bed. The obtained indication of the tem- 
perature is carried to a conventional tempera- 
ture-recorder-controller insrunent 22 .and ths 
instrur.ent controls valve 2{}. Thus the flo.w of 
hot regenerated catalyst from the rege,nerator to 
the reactor is controlled through the tempera- 
ture-recorder-conçroller instrunent in resP0nse 
to changes in the temperature in the fllidized 
bed to maintain a sulJstantially steady desired 
tenperature in the reactor. 
The fiow of fiuidized catalyst fron the reactor 
is partly regflated by valve |5 which is controlled 
in a conventional manner, by a differenil pre s- 
sure-recorder-controller instrument 2. which in 
turn is actuated by the differential pressure be- 
tween two points in the reactor. This dieren- 
tial pressure is taken betwCn a point 24 ' in the 
reactor above the fiuidized catalyst bed level and 
a lower point 25 within the fiuidized c.àtalystbed. 
The pressure point 26 fllustrated may be. used in 
place of pressure point 25but is prinarily Of use 
to determine the density of the fipidized catalyst 
by neans of the differential pressure betwee n 
points 25 and 2. Thus as the differential prs- 
sure betwcen points 2 and 2.5 increases, the.dif- 
ferential pressure-recorder-controller acuates 
the valve positioner to increase the fiow through 
valve  5, and vice versa. 
The control of the fiow of the.fiuidized catalyst 
from the hopper 2 fo the regenerato r. 4 iS. also 
automatic and carried out in the saine manner 
through a differential pressure-rec0rder-c0 n- 
troiler 2ï which Ls actilated by the. differential 
pressure between a point 2.{} above the level.of, the 
fiuidizeE catalyst bed in the hopper and. a. point 
29 at a lower point withinthe fiu!diçed/bCï, 
In the systen of the invention the descrb.ed 
control of valve 15 is Supplemented-by:.a.separate 
compensating control. ï'hu s, line 3. carrying the 
gasgous effluent from reactor i is .pro¢ided wth 
a control valve 3. This valve .is. automaticgly 
controlied, through a differential Pressure-re- 
corder-controller ; Which is a6tuated, by. the 
differential pressure across the.valve 5. Thus, 
the differential pressure is .taken between a point 
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just ahead of the valve and a point just beyond 
the valve. _4s this differential pressure decreases, 
the fiow through valve 3} is caused fo decrease. 
This, in turn, causes an increase in the pressure 
5 atpoint 2 in the reactor. 
In the system illustrated this dual comple- 
nentary c0ntrol is als0 applied to the fiow of cat- 
alyst from lhe hopper fo the regenerator. Thus, 
line | carrying the gaseous effluent fron the 
t0 hopP er 2 is provided with a control valve 
This valve is autonatically controlled in the con- 
ventional way bya differential pressure-recorder« 
c0_n.troller 33 which is actuated by changes in the 
iffercntial pressure across valve I. Thus, as 
I:5 indicated, the differential pressure s measured 
between a point just ahead of valve  ai a point 
.just beyond valve |. As ths differential pres- 
sure decreases the fiow through line | is throt- 
 led; this in turn causes the pressure at point 
20 to increase. 
While the control method illustrated s par- 
ticularly advantageous in the system illustrated, 
the principle of the control method is applicable 
in other systens wherein a continuously replen- 
25 ished bed of fluidized solid is maintained in a 
reacr or other vessel. This principle, it wfll be 
seen, resides in controlling the fiow through an 
adjustable orifice (ourlet valve 5 or |Il) in re- 
sp0nse fo changes in the differential pressure 
3o across the valve through autonatic control of the 
abs01ute pressure above the fiuidized bed, as well 
as through adjusting the area of the orifice in 
esponse to changes in the differential pressure 
between a point above the fiuidized bed and a 
35 point within, the fiuidized bed. This novel corn- 
bination of çontrols decreases the danger oi 
plosions and also gretly increases fiexibility of 
the fiow system. 
If wfll be noted that in the system illustrated 
4O the conbination control of the fiow is applied in 
two instances, i. e., va!ves |5 and 8. While the 
contr01s of valves 5 and |{ appear fo be separate 
and distinct and have been separately described, 
the controls of these two valves are actually in- 
terc0nnected or interrelated in the particular sys- 
45 rem illustrated Thus, any change in the set- 
ring of valve 2 affecs the pressure in the hopper 
ai point 2{} and the pressure change is refiected 
by changes in the differential pressure across 
vlves |5 and |$. These refiected changes, in 
5O turn, affect the adjustnent of both valves 39 and 
2 through the diferential pressure-recorder- 
controllers 3 | and 
Exane 
55 In a catalytic cr_acking plant of the design 
il!ustraç¢d and using a fiuidized synthetic silica- 
alumina composite cracking catalyst the pres- 
sure in the disengaging space in the reactor 
(above the fiuidized catalyst bed) is normally 
60 held. ai 13 p. s. i. g. by the control of valve 
The .pressure in he upper part of the hopPer is 
normally held ai 12 p. s. i. g. by valve 2. If 
all. ïctors remain steady,- the plant would, con- 
65 tine fo operate evenly and ai this steady con- 
dition. However,. during normal operations 
changes occur in the amount of catalyst lost 
fçom the system, he amount oî fresh catalyst 
a.dded fo the system for replenishment, the con- 
70 ditions in. the fractionation system, the amount 
of air required-in the regenerator, the density and 
size.oï the catalyst particles, etc. ,Some oï these 
changes may be.rather sudden and others may 
be rather gradual. In some cases these changes 
75 tend,to cancel each other and in other cases.they 
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augment each other. These changes, especially 
when they augment each other, are refiected 
throughout the operation, for example, in the 
level of the catalyst in one of the vessels and/or 
the density of the fiuidized bed of catalyst there- 
in and this, in turn, afïects the rate of catalyst 
îlow through one or more oï the control valves. 
If for any reason the level oï the fiuidized bed 
of catalyst in the reactor and/or the density 
thereof is decreased this causes the difïerentàal 
pressure across valve 5 to decrease; the difïeren- 
tial pressure-recorder-controller 23 causes valve 
5 fo throttle the fiow and differential pressure- 
recorder-controller 3 causes valve 30 fo throttle 
line 7. This causes the pressure above the fiuid- 
ized bed in the reactor to increase up fo, for 
example, 16.6 p. s. i.g. This increased pressure 
rendus fo increase the fiow, fo decrease the danger 
oï blowbacks, and to compensate for over control 
and lag through difïerential pressure-recorder- 
controller 23. 
Simflarly, the control of valve 32 through dif- 
ïerential pressure-recorder-controller 3 cooper- 
ates with and compensates the control of valve 
 8 by differential pressure-recorder-controller 27. 
By using the described two interrelated con- 
trols if also becomes possible fo considerably sim- 
plify and reduce the cost of such a plant. Thus 
when utilizing the described interrelated controls 
the usual standpipes may be greatly shortened 
without hazard. This hOt only decreases the 
problems in heat loss, erosion, etc., but allows the 
plant fo be built much more compact and close 
fo the ground. 
We claim as our invention: 
1. In a process wherein a bed of continuously 
replenished fiuidized solid is continuously main- 
tained in a vesse], the method of controlling the 
rate of withdrawal of fiuidized solid from said 
bed through an orifice of controllable area which 
comprises controlling the pressure above the said 
fiuidized bed in inverse relationship to and in re- 
sponse to changes in the difïerential pressure 
measured across said orifice, and controlling the 
area of said orifice in direct relationship fo and 
in response to changes in the difïerential pres- 
sure measured between said pressure above said 
fiuidized bed and the pressure ata point within 
the said fiuidized bed. 
2. In a process wherein a bed of continuously 
replenished fiuidized solid is continuously main- 
tained in a vessel, the method of controlling the 
rate oï withdrawal of fiuidized solid from said 
bed through an orifice of controllable area which 
comprises measuring the difïerential pressure be- 
tween a point above said fiuidized bed and a 
point within said fiuidized bed, controlling the 
area of said orifice in direct relationship fo and 
in response fo changes in said measured difïeren- 
tial pressure, simultaneously measuring the dif- 
ferential pressure across said orifice, and control- 
ling the absolute pressure above the fiuidized bed 
in inverse relationship fo and in response to 
changes in said latter measured difïerential pres- 
sure. 
3. In a process wherein a bed of continuously 
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replenished fluidized solid is continuously main- 
tained in a vessel, the method of controIling the 
rate of withdrawal of fiuidized solid from said 
bed through an orifice of controllable area whicb 
5 comprises obtaining an indication of the difïer- 
ential pressure between a point immediately 
above said fiuidized bed and a point within said 
fiuidized bed, automatically adjusting the area 
of said orifice in direct relationship to and in re- 
10 sponse to changes in said obtained indication 
of said difïerential pressure, obtaining an indi- 
cation of said differential pressure between a 
point immediately above and below said orifice, 
and automatically controlling the absolute pres- 
15 sure immediately above said fiuidized bed in in- 
verse relationship to and in response to changes 
in said obtained indication of said latter difïeren- 
tial pressure. 
4. In a system for contacting a vapor with a 
.0 continuously replenished bed of fiuidized solid 
the combination of an ourlet line ïor fiuidized 
solid near the bottom oï a vessel containïng said 
bed, said ourlet line being provided with a con- 
trol valve, an ourlet line for vapors near the top 
.5 of said vessel, said ourlet line being provided with 
a control valve, a difïerential pressure controller 
instrument, means for conveying indications oï 
the pressure near the top and bottom of said res- 
sel to said difïerential pressure controller, means 
30 for actuating said valve in said bottom ourlet 
line in response fo said differential pressure con- 
troller, a second differential pressure conçroller, 
means for conveying indications of the pressures 
across said last mentioned valve fo said second 
35 difïerential pressure controller, and means for 
actuating said control valve in said top ourlet 
line in response fo said second difïerentil pres- 
sure controller. 
5. In a system ïor contacting a vapor with a 
40 continuously replenished bed of îluidized solid 
the combination of a vessel containing said bed, 
an ourlet conduit for fiuidized solid near the bot- 
tom of said vessel, a control valve operted by 
a îlrst difïerential pressure-recorder-controller in 
45 said conduit, an ourlet conduit for vapors near 
the top of said vessel, a control valve operated 
by a second difïerential pressure-recorder-con- 
troller adapted fo control the fiow of vapors from 
said vessel, said first difïerential pressure-record- 
5o er-controller being connected between a point 
within said vessel near said upper (vapor) out- 
let and a point in said vessel near said lower 
(fiuidized solld) ourlet and said second difïeren- 
tial pressure-recorder-contro]ler being connected 
55 across said lower control valve. 
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